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ABSTRACT
The concentrations of indole-3-acetic acid (IAA), naphthaleneacetic
acid (NAA) and 2,4-dichlorophenoxyacetic acid (2,4-D) were followed
for 35 days in cell-free liquid medium containing 100, 50, or 0% Mura-
shige-Skoog (MS) salt base. Although the concentrations of NAA or 2,4-
D remained constant the level of IAA decreased to only 11% of the
original concentration after 35 days in the presence of 100% MS salt
base. The observed rate of IAA degradation was accelerated by the
presence of MS salts.
In vitro plant culture has evolved from attempts to reduce the
complexity of the plant system so that growth and development
processes can be more easily studied. Although the 'controlled'
culture systems are simpler than natural environments, the level
of complexity is still sufficient to introduce a substantial level of
variability. Over the years, numerous media compositions have
been developed to elicit selected plant responses (1, 2, 4). Great
interest and care have been given to the preparation of culture
media; however, limited data are available on changes in media
composition during incubation.
Auxins are a critical component of artificial culture systems
but little is known about the factors affecting their persistence
during incubation. Synthetic auxins such as 2,4-D have been
reported to be more stable than the natural auxin, IAA (4, 5,
1 1). Studies with cell suspensions of Acer pseudoplatanus have
described the loss of2,4-D from media as a result ofglycosylation
(6, 7). However, the rate and degree of glucosylation were highly
variable. The tissue response elicited by the presence of auxin
varies according to both concentration and chemical structure
(3, 10, 12). To exploit fully the potential of auxins in tissue
culture, we must develop a better understanding of how to
regulate their presence in artificial growing systems. This can
only be accomplished by separating the loss of auxin that occurs
in sterile medium alone from the loss associated with cellular
metabolism.
A study was designed to follow changes in auxin concentra-
tions as a function of salt concentration in artificial media. The
investigation focused exclusively on the contribution of the phys-
ical or nonbiological component of culture media to the degra-
dation pattern of several auxins commonly used in tissue culture.
MATERIALS AND METHODS
Culture. Each ofthe auxin treatments was developed by adding
3 mg/L of 2,4-D (1.4 mM), IAA (1.7 mM) or NAA' (1.6 mM) to
liquid medium containing 100, 50, or 0% (distilled H20) of the
recommended MS salt base and 20 g/L of sucrose (8). Nine
auxin-MS media combinations were evaluated in triplicate. Each
experiment was conducted twice.
Following mixing of the media constituents, pH was adjusted
to 5.6 with 1 N NaOH. One hundred ml of each medium were
dispensed into 250-ml screw top glass Erlenmeyer flasks and
autoclaved for 20 min at 121°C and 1.03 x 105 Pa. The sterilized
media were incubated in an environmental incubator/rotary
shaker (New Brunswick Model G24)2 at 150 rpm and 30 ± 1°C.
Parts of the shaker were covered with black paper to eliminate
any light during incubation. Within 24 h of preparation and at
weekly intervals for the following 35 d, a 5-ml aliquot was
aseptically drawn from each flask for analysis. Flasks were visu-
ally monitored and subsamples periodically assayed on solid
medium for contamination. All contaminated flasks and the
associated data were discarded.
Sample Analysis. Subsamples of culture media containing
either IAA or NAA were analyzed immediately after filtration
through a 0.45 ,um filter. Subsamples containing 2,4-D were
adjusted to pH 3 and partitioned into diethyl ether to eliminate
interference in the sample. The ether was evaporated to dryness
and the sample dissolved in a small volume ofmethanol. Samples
were analyzed by reverse phase HPLC. A Laboratory Data
Control (Riviera Beach, FL) HPLC equipped with dual pumps,
Rheodyne injector (20 ,u sample loop), spectroMonitor III vari-
able wavelength detector and automatic sampling system was
used. Conditions for analysis consisted of a Spherisorb ODS 5
,um column (0.4 x 25 cm) eluted isocratically with 25% (IAA
and NAA) or 40% (2,4-D) acetonitrile and water (v/v) adjusted
to pH 3 with phosphoric acid. Auxin concentrations were deter-
mined by reading absorbances at 280 nm. Under the conditions
of this analysis, the lower limit of detection for IAA was 2 ng.
Data Analysis. Peak areas were computed by integration and
quantified by comparison to known concentrations of authentic
auxins. Treatments were evaluated using analysis of variance
(ANOVA) and regression analysis. Least significant differences
'Abbreviations: NAA, naphthaleneacetic acid; MS, Murashige-Skoog.
2 Mention of companies or trademark does not imply endorsement by
the United States Department of Agriculture or Texas Agricultural
Experimental Station over similar products from other commerical
sources.
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(LSD) were computed for each treatment at the 0.05% level of
confidence.
RESULTS AND DISCUSSION
The analyses of 2,4-D and NAA in 100% MS indicated that
no detectable losses occurred over the 35-d test interval (Fig. 1).
However, IAA proved to be much less stable than 2,4-D or NAA,
its concentration declining to approximately 11% of the original
within 35 d.
The auxin losses were initially determined in the presence of
100% MS salts, standard cell culture components. The MS salt
base is a complex mixture of inorganic ions potentially capable
of interacting with IAA. Therefore, auxin degradation curves
were developed for liquid media containing 50% and 0% MS
salts. The stabilities of 2,4-D and NAA were unaffected by the
reduction ofMS salts in the medium (Figs. 2 and 3). Degradation
of the less stable auxin, IAA, was substantially slower in medium
containing reduced levels or lacking MS salts. The amount of
IAA remaining in a medium with 50% MS salts after 21 d was
33% higher than levels in 100% MS salts incubated over the
same period. The percentage of IAA remaining in the 0% MS
salts treatment was twice the amount found in the medium
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FIG. 1. Percentage of 2,4-D, NAA, and IAA remaining at 7-d intervals
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FIG. 3. Percentage of 2,4-D, NAA, and IAA remaining at 7-d intervals
during incubation for 35 d in 0% MS culture medium. Initial concentra-
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FIG. 4. The correlation between loss of IAA and incubation time at
0 (O), 50 (A), and 100% (O) MS salts. Initial concentrations of each
auxin were 3 mg/L.
g incUtiation ior 0 111niu/o mV13 cULUIerleCUmUIIIum. iniiai concLXen- containing 100% MS salts. The initial concentrations of IAA
ns of each auxin were 3 mg/L. Vertical bars represent LSD at a = were unaffected by autoclaving of the media which confirmed
similar observations reported by Pence and Caruso (9).
The degradation rate of IAA was examined using regression
) analysis (Fig. 4). The degradation rate over time was significantly
different (a = 0.05) for all media treatments. The results indicate
that mathematical models could be developed to describe the
decay of IAA in any culture medium and estimate the loss
associated with abiotic degradation of IAA over time.
)x In our study, the stability of NAA was found to equal that of
2,4-D. However, tissue responses to NAA and 2,4-D at equivalent
x
concentrations can vary dramatically. For example, 2,4-D stim-
ulated callus formation and somatic embryogenesis in Pharbitis
nil stem explants (10). In the same experiment, IAA stimulated
extensive rooting with very little callus formation when tested at
z50% Ms concentrations equal to 2,4-D. Differentiation of radicles byPharbitis nil embryos was promoted by NAA, inhibited by 2,4-
D and unaffected by IAA. Induction ofauxin-habituated tobacco
callus was accomplished by culturing the tissue on mg/L of0 7 14 21 28 35 2,4-D for 35 d (1 1). A similar response was obtained with an
INCUBATION TIME (DAYS) NAA supplemented medium, but only when the concentration
2. Percentageof2,4-D,NAA.andIAAremainingat7-dintervals was increased by 10-fold over the level required with 2,4-D.
incubation for 35 d in 50% MS culture medium. Initial concen- Concentration ranges of IAA from 0.01 to 100 mg/L were un-
ns of each auxin were 3 mg/L. Vertical bars represent LSD at a = able to induce habituated callus tissue.
Morphogenic responses of tissue in culture have been attrib-
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uted to the type of auxin and concentration used in the culture
medium. However, the actual level of a particular endogenous
or exogenous auxin has seldom been measured continuously
over the entire length ofthe subculturing period. Without know-
ing the actual endogenous and exogenous auxin levels over time,
morphogenic responses of tissue in vitro to phytohormone treat-
ments remains more speculation than fact.
The qualitative/quantitative interactions between an auxin
and the responding tissue demand that the dynamics of auxin
levels be characterized. Background or abiotic losses of the
naturally occurring auxin, IAA, may be substantial in some in
vitro systems independent of the amount of cells present in the
medium. The rather dramatic effect of salt concentration on
IAA stability represents only a simple example of the poor
understanding we have about a system that is assumed to be
'well controlled.' In order to move from phenomenology to an
understanding of cause and effect, interactions between the
chemical components as well as the biological must be investi-
gated. This study undertakes an initial step in that process.
Acknowledgmenis-Special thanks to K. Robacker for HPLC analysis and S.
Wadsworth for sample preparation.
LITERATURE CITED
1. AMMIRATO PV 1983 Embryogenesis. In DA Evans, WR Sharpe, PV Ammirato,
Y Yamada, eds, Handbook of Plant Cell Culture, Vol 1, Techniques for
Propagation and Breeding. Macmillan, New York, pp 82-123
2. FLICK CE, DA EVANS, WR SHARP 1983 Organogenesis. In DA Evans, WR
Sharpe, PV Ammirato, Y Yamada, eds, Handbook of Plant Cell Culture,
Vol 1, Techniques for Propagation and Breeding. Macmillan, New York, pp
13-81
3. GAMBORG OL, RA MILLER, K OJIMA 1968 Nutrient requirements of suspen-
sion cultures of soybean root cells. Exp Cell Res 50: 151-158
4. GAMBORG OL, JP SHYLUK 1981 Nutrition, media, and characteristics of plant
cell and tissue cultures. In TA Thorpe, ed, Plant Tissue Cultures: Methods
and Applications in Agriculture. Academic Press, New York, pp 21-44
5. JACOBSEN HJ 1983 Biochemical mechanisms ofplant hormone activity. In DA
Evans, WR Sharpe, PV Ammirato, Y Yamada, eds, Handbook of Plant Cell
Culture, Vol I, Techniques for Propagation and Breeding. Macmillan, New
York, pp 672-695
6. LEGUAY JJ, J GUERN 1977 Quantitative effects of 2,4-dichlorophenoxyacetic
acid on growth ofsuspension-culturedAcerpseudoplatanuscells. II. Influence
of 2,4-D metabolism and intracellular pH on the control of cell division by
intracellular 2,4-D concentration. Plant Physiol 60: 265-270
7. MALONEY MM, JF HALL, GM ROBINSON, MC ELLIOTr 1983 Auxin require-
ments of sycamore cells in suspension culture. Plant Physiol 71: 927-931
8. MURASHIGE T, F SKOoG 1962 A revised medium for rapid growth and bioassays
with tobacco tissue cultures. Physiol Plant 15: 473-497
9. PENCE VC, JL CARUSO 1984 Effects of IAA and four IAA conjugates on
morphogenesis and callus growth from tomato leaf discs. Plant Cell Tissue
Organ Cult 3: 101-1 10
10. RAo PS, H HARADA 1974 Hormonal regulation of morphogenesis in organ
cultures of Petunia inflata, Antirrhinum majus and Pharbiuis nil. Plant
Growth Substances. Hirokawa Publishing Company, Tokyo, pp 11 15-1120
1 1. SEMBDNER G, D GROSS, HL LIEBISCH, G SCHNEIDER 1980 Biosynthesis and
metabolism of plant hormones. In J McMillan, ed, Encyclopedia of Plant
Physiology, New Series, Vol 9, Hormonal Regulation of Development I.
Springer-Verlag, Berlin, pp 336-444
12. SYONo K, T FURUYA 1974 Induction of auxin-nonrequiring tobacco calluses.
Plant Growth Substances. Hirokawa Publishing Company, Tokyo, pp 1128-
1135
936 DUNLA4P ET AL.
